The 1990 Clean Air Act mandated oxygenation of gasoline in regions where carbon monoxide standards were not met. To achieve this standard, methyl tertiary butyl ether (MTBE) was increased to 15% by volume during winter months in many locations. Subsequent to the increase of MTBE in gasoline, commuters reported increases in symptoms such as headache, nausea, and eye, nose, and throat irritation. The present study compared 12 individuals selected based on selfreport of symptoms (self-reported sensitives; SRSs) associated with MTBE to 19 controls without self-reported sensitivities. In a double-blind, repeated measures, controlled exposure, subjects were exposed for 15 min to dean air, gasoline, gasoline with 11% MTBE, and gasoline with 15% MTBE. Symptoms, odor ratings, neurobehavioral performance on a task of driving simulation, and psychophysiologic responses (heart and respiration rate, end-tidal CO2, finger pulse volume, electromyograph, finger temperature) were measured before, during, and immediately after exposure. Relative to controls, SRSs reported significantly more total symptoms when exposed to gasoline with 15% MTBE than when exposed to gasoline with 11% MTBE or to dean air.
Until the fall of 1992, methyl tertiary butyl ether (MTBE) was used as an octane enhancer in premium gasolines. To This increase to 15% MTBE in gasoline was followed by acute health complaints in several regions of New Jersey and Alaska (2, 3) . Subsequent cross-sectional community studies of healthy workers suggested that the highest blood levels of MTBE were associated with more symptoms (4) (5) (6) . Controlled exposures to pure MTBE, however, did not show increased symptom reports or neurobehavioral performance deficits in healthy young adults (7) (8) (9) . To date, no controlled exposure to MTBE has directly evaluated the symptoms and health effects that were reported anecdotally by a subset of individuals (7, 10) . Therefore, the purpose of the present controlled exposure study was to compare the symptoms, psychophysiologic reactivity, and neurobehavioral performance of persons who reported sensitivity to MTBE and controls in response to four controlled exposure conditions: clean air, gasoline, gasoline with 11% MTBE, and gasoline with 15% MTBE.
Three controlled exposure studies have investigated the effect of pure MTBE on symptoms and objective measures of irritation and performance in healthy subjects. Measures of eye and nasal inflammation were chosen as physiologic measures of reported irritant symptoms; neurobehavioral measures were performance-based indicators of symptoms, such as disorientation, presumed to interfere with tasks that rely on speed of response (e.g., driving).
Using a double-blind cross-over design, Prah et al. (8) exposed healthy subjects to 1.4 ppm MTBE versus clean air for 1 hr.
Cain et al. (9) exposed healthy subjects for 1 hr to each of three conditions: 1.7 ppm MTBE, 7.1 ppm mixture of 17 volatile organic compounds, and clean air. Neither study found an increase in symptoms, a reduction in neurobehavioral performance, or changes on measures of eye irritation (tear film breakup). The number of polymorphonuclear neutrophil leukocytes in nasal lavage fluid samples was increased only [18] [19] [20] [21] [22] [23] [24] hr after exposure to volatile organic compounds (9) . In these studies, blood levels of MTBE were higher than the upper quartile levels assessed in the cross-sectional studies of workers. More recently, Nihlen et al. (7) exposed 10 healthy males to 5, 25, and 50 ppm MTBE and found that subjects reported significantly higher ratings of solvent smell with higher exposure to MTBE. Ratings of odor declined over time, suggesting habituation to the odor. No increase in symptoms or changes in objective measures of eye irritation was observed (e.g., tear film breakup time, redness). Nasal airway resistance increased significantly after exposure, but the effect was not correlated with exposure. Thus, in healthy subjects, MTBE exposures under controlled conditions did not replicate the symptoms reported either anecdotally or in cross-sectional community studies. These controlled exposures to MTBE, however, were not those of typical exposures such as refueling or driving, where MTBE is encountered only as an additive to gasoline. Moreover, controlled exposure studies to date have not included self-reported sensitive individuals.
As is observed with other noxious odorants, symptomatic complaints in response to MTBE in gasoline could be secondary to emotional responses evoked by unpleasant odor (11,14. The association between odor, emotion, and physiologic arousal has been used to investigate psychologic and physiologic responses to various pleasant and unpleasant odors (13, 14) . For example, subjects with greater fear of undergoing dental work responded with increased autonomic arousal (i.e., electrodermal changes) to eugenol, an odorant associated with dental procedures (15) . The hypothesis of a relationship between the odor of MTBE and a symptomatic response to MTBE is further substantiated by the overlap between reported key symptoms (i.e., eye irritation, burning sensation in nose or throat, headache, nausea or vomiting, cough, sensations of "spaciness" or disorientation, dizziness) and those associated with anxiety and/or hyperventilation (e.g., spaciness, dizziness). Therefore, in addition to measuring symptoms and simulated driving performance, psychophysiologic changes associated with symptoms of anxiety such as increased heart and respiration rate, reduced blood pulse volume in the periphery, and increased end-tidal CO2 were measured in response to exposure.
The present study evaluated symptoms, psychophysiologic responses, and neurobehavioral performance of self-reported sensitive individuals (SRSs) and controls. In addition to clean air and gasoline, subjects were exposed to 15% MTBE and 11% MTBE in gasoline at concentrations similar to those documented during refueling (16) . This controlled exposure study was intentionally designed to test directly the anecdotal reports of self-reported sensitivity to MTBE in gasoline. Moreover, by including psychophysiologic measures, we sought to distinguish symptoms secondary to an emotional response (e.g., anxiety) evoked by the odor of the exposure from those resulting directly from exposure.
Methods Subject Recruitment
SRS subjects from throughout New Jersey were recruited through radio and newspaper advertisements and letters sent to members of the mailing lists for the activist group Oxybusters (Plainsboro, NJ), the National Reformulated Gas Hotline of the Oxygenated Fuels Association (Arlington, VA), and the New Jersey Department of Environmental Protection (Trenton, NJ). Individuals inquiring about the study from advertisements (n 700) and members of the mailing lists (n = 800) were sent an introductory letter describing the study, a general health screening questionnaire, and a survey of 34 symptoms. The symptom survey asked the individual to rate the level of discomfort associated with each symptom on a scale from 0 (do not have the symptom) to 3 (symptom is severe) and then indicate whether the discomfort occurred at a gas station or around traffic exhaust and how long the symptom lasted. For the purposes of this study, individuals who scored 2 6 out of 21 points (total) on MTBE-related symptoms reported to occur around gasoline (headache, cough, nausea, daytime sleepiness, burning sensation in nose or mouth, losing balance or dizziness, difficulty concentrating) (4) (17) , depression (18) , and breathing problems was used to assess symptoms during the exposure protocol (Table  1) . Each symptom was rated on a scale from 0 (barely detectable/no sensation) to 100 (strongest imaginable), which was developed by Green et al. (19) to approximate a ratio scale. The questionnaire was completed four times during the protocol session, and symptom ratings were summed and averaged to form a total symptom score and the following symptom subscales: MTBE, anxiety, depression, breathing, solvent (Table 1) . MTBE symptoms were associated with MTBE exposure from the literature on gallstone dissolution, animal toxicology, and the Alaskan studies (20) . Although the literature offers some logical basis for use of a subset of symptoms as MTBE-related, both the Alaskan epidemiologic and gallstone studies involved other concurrent exposure (e.g., sedatives for gallstone procedures), which could contribute to the symptoms experienced. In addition to symptoms, subjects were also asked to rate the environment on a 1-5 scale for eight qualities such as lighting VOLUME 108 1 NUMBER 8 1 August 2000 * Environmental Health Perspectives intensity, noise, and temperature (21) . A total environment score was computed by summing and averaging these ratings each time the questionnaire was given.
Odor questionnaire. The odor scale assessed odor intensity and irritation on a scale from 0 (barely detectable/no sensation) to 100 (strongest imaginable) and pleasantness (1 = very pleasant to 9 = very unpleasant) (22) . The scales were administered at 5-min intervals during the 20- (25, 26) .
Delivery system. Approximately 70 mL of the gasoline mixture was poured into a 100-mL three-necked Pyrex flask. The two unused necks were capped tightly to prevent evaporation of the gasoline mixture. A length of Teflon tubing was inserted into the center neck of the flask and connected to an adjustable stroke laboratory pump (model V100; Fluid Metering, Inc., Oyster Bay, NY). The pump consisted of a piston (model HOO) made from stainless steel encased in a plastic cylinder and lined with a sintered carbon liner. After passing through the pump, the tubing containing the gasoline mixture passed through a pulse dampener to suppress the flow pulse. Once the pulse had been suppressed, the gasoline mixture passed through a capillary tubing to a Y-connecter on the top of a condenser column seated atop a 500-mL three-necked flask placed within a 45°C heated water bath (#66648; Precision Scientific, Chicago, IL). A fiberglass wick was placed at the end of the capillary tubing and was used to control dripping and delivery of gasoline into the column. As the wick became saturated, a small drop of gasoline would drip through the column, where a heated air stream (4 L/min) would strip the volatile components of the mixture from the drop and deliver the vapor back up through the column to the top of a Y-connector on the condenser column, which was connected to heated tubing at 243°C. The tubing (model # LP212-4-50; Technical Heaters, Inc, San Fernando, CA), with low-pressure Teflon core and tin/copper overbraid, was connected into the air delivery system of the controlled environment facility (CEF) at the diffusers. The system was designed to achieve a 15% MTBE level of 1.7 ppm in the CEF. Further, the delivery system would not vaporize the entire gasoline droplet because such a scenario would deliver compounds to the subject not normally inhaled by a commuter.
The water bath contained a 1/125 horsepower submersible circulating pump (model 4182K22; McMaster-Carr, New Brunswick, NJ), operating at 2.8 gal/min, connected to a reflux condenser and a 500-mL three-necked flask, which collected the heavier components of the gasoline. The flask contained a thermometer to ensure the temperature was constant. An air line connected to a small air pump (MEDO, Hanover Park, IL) was placed into the neck of the flask to strip off the more volatile constituents of the gasoline Environmental Health Perspectives * VOLUME 108 1 NUMBER 8 1 August 2000mixture and deliver vapors through the heated tubing at 4 L/min. The circulating pump was used to draw water from the heated water bath and deliver it through the column. The exposed glass Y-connector at the top of the column was covered with glass wool and wrapped with a heated tape (McMaster-Carr) to ensure that the system was at a constant temperature and that the vapors did not cool before entering the heated tubing.
Gasoline mixture storage and handling. Winter blend gasoline (i.e., with no oxygenates) (Sunoco Custom Blends, Philadelphia, PA) was stored in a tightly sealed 55-gal drum in an enclosed external storage facility. It was siphoned into a clean 3.9-L Qorpak amber safety-coated container (Fisher Scientific, Pittsburgh, PA) as needed using a Teflon-lined manual siphon. The same gasoline was used for the nonoxygenated gasoline exposure samples and to make the two blends of oxygenated fuels: gasoline without oxygenate was mixed with 15% (vlv) MTBE (1.7 ppm in air) (Mallinckrodt Baker, Paris, KY) to simulate the winter blend of gasoline, and with 1 1% (vlv) MTBE (1.1 ppm in air) to simulate the concentration of MTBE added to a reformulated gasoline. Both blends were stored in separate, tightly sealed glass jars and kept in a cold room at 40C. Before use, a blend was allowed to equilibrate to room temperature.
Vapor monitoring. A gas chromatograph, with a DB-VRX column J&W Scientific, Folsom, California) initially heated to 350C, was used to determine the MTBE concentration within the facility approximately 8 min into the exposure session. The temperature of the column was held for 10 min and increased at a rate of 5°C/min to a final temperature of 1 50°C, where it was again held for 10 min. The injector and detector were maintained at 200°C. The MTBE samples were collected in sorbant traps made of stainless steel tubes (0.5 cm id x 8.8 cm; PerkinElmer, Inc., Norwalk, CT) and were packed with Carboxen 569 (Supelco Inc., Bellefonte, Pa). The trap was filled with 0.6 g Carboxen 569 and held in place by glass wool and gauze on both ends. Each trap was conditioned in an oven for 6 hr at 3400C. All conditioned traps were sealed with a Teflon cap and stored in a desiccator before use. The absorbed MTBE was transferred to a capillary gas chromatograph (5890; Hewlett-Packard) with a DB-5 capillary column J&W Scientific) for analysis using an automated thermal desorption system (model ATD-400; Perkin-Elmer, Inc.). Quantification was completed using a Hewlett-Packard 5970 mass selective detector. The total hydrocarbon concentration in the CEF, evaporated from gasoline, was 33 ± 0.5 ppm, measured and reported as methane by a total hydrocarbon analyzer (model 23-500; GOW-MAC, Lehigh Valley, PA). The sample pressure setting on the total hydrocarbon analyzer was maintained at 2.5 psi, and the air and fuel pressure settings were maintained at 25 psi and 7.0 psi, respectively. There was a consistent relationship between the total hydrocarbon level and the level of MTBE present in gasoline. Thus, the total hydrocarbon levels were used as a continuous indicator of MTBE levels. This result was verified by analyzing air in the CEF for MTBE by gas chromatography in a grab sample. A final verification of the MTBE level during an individual exposure was the analysis of a sample of the average level of MTBE over the entire session. For gasoline with 15% MTBE, the average CEF concentration was 1.7 ppm, and for gasoline with 11% MTBE, the average CEF concentration was 1.1 ppm.
Controlled environment facility. The facility is a 7.3 ft (height) by 13.5 ft (width) by 9 ft (depth) stainless-steel room in which air flow, temperature, and humidity are varied and controlled. The facility was operated at 70 ± 1°F during each exposure session. The relative humidity range was maintained at 45 ± 2% for each exposure session. Air flow was maintained between 650 and 700 cubic feet per minute (cfm), and the facility was operated under negative pressure of 0.1 inches of water. The nonrecirculated air supply passed through a sequence of conditioning processes, which included air cooling and heating, humidification and dehumidification, and filtration through 12 carbon filters and 1 HEPA filter. The air supply entered the facility through two diffusers in the ceiling and exited through the perforated stainless-steel floor to exhaust vents. Air concentrations for exposures were maintained by constant injection of compounds into the air supply, which flows through the room without recirculation. The gasoline mixture was introduced into the air supply by means of an evaporation delivery system and was wellmixed before entering the facility to achieve a uniform concentration throughout its volume. The desired concentration within the CEF was attained within 5 min. To ensure that a uniform concentration was maintained after delivery of the mixture into the chamber, a 12-inch, three-speed oscillating fan was kept running on low speed during an exposure session. Levels of total hydrocarbons were continuously monitored remotely to ensure that experimental levels were maintained for the duration of the session. Study participants entered the facility through an air lock which had two doors; one opened to the outer room and the other into the facility. Throughout the experimental exposure, subjects were observed through a two-way window and contact was maintained via an intercom. Procedure For the orientation visit, subjects reported to the clinical center, where they gave informed consent in accordance with standard Institutional Review Board procedures. A complete medical history, a physical examination, and an EKG were performed on each subject. To reduce anticipatory anxiety and practice effects on the neurobehavioral task, subjects learned to use the POL driving simulation software by performing levels 1-5. Subjects then completed an unblind baseline session in the CEF to reduce initial anxiety and to familiarize them with the procedures and surroundings. All sessions including the unblind orientation session occurred in the morning to control for circadian rhythm variation and followed the same procedures as outlined below.
Exposure sessions were double blind. Previous research to test the ability of SRSs and controls to discriminate gasoline alone from gasoline with 15% MTBE and from gasoline with 15% MTBE and a re-odorant found that subjects from both groups performed no better than chance. Subjects were asked to identify two mixtures as "same" or "different" when the mixtures were presented in pairs of standard sniff bottles (27) . Therefore, based on this inability to distinguish gasoline from gasoline with 15% MTBE, no re-odorant was added to the exposure conditions to "mask" the odor of MTBE. Moreover, we assumed that exposure conditions were blind to subjects, and this assumption was also tested by asking subjects to guess the exposure condition.
SRS subjects were randomly assigned to an order of exposure, and their demographically matched controls were assigned to the same order. For each exposure visit, subjects were admitted by a nurse who ascertained that they did not have a viral illness, were not pregnant, and had not taken medications that would disallow participation. Subjects had EKG electrodes attached, completed 10 trials of POL at level 5 as baseline neurobehavioral performance, and were escorted to the CEF. The subject was then instructed about safety procedures and location of emergency exits, given a Tyvek suit to protect clothing, and electrodes for frontalis EMG recording, finger pulse volume, and finger temperature were attached by the experimenter. A sterile, non-reusable cannula for end-tidal CO2 recording was inserted approximately 1/4 inch inside the nose and held in place with surgical adhesive tape. The subject was then seated in a comfortable, nonredining chair with the computer keyboard and monitor in front of him or her on a stainlesssteel table, and the experimenter left to begin the session. The experimenter constantly observed the subject through a one-way window, and an intercom was used for communication. The subject completed the first symptom questionnaire and was then asked to sit quietly, relax, breathe through the nose, and keep eyes open for the next 20 min. Throughout this period, the subject viewed the computer monitor, where a vigilance task randomly displayed bars on the screen and a tone sounded occasionally to maintain the subject's attention. The subject was instructed to keep a mental count of the bars and then report the total number when asked at the end of the experimental session. Additionally, during this 20-min period, the subject heard a warbling sound every 5 min after which an odor survey was completed.
All sessions began with a 5-min relaxation period, during which baseline psychophysiologic measures were taken. For those sessions in which exposure to gasoline with or without MTBE occurred, exposure began after the 5-min relaxation or baseline period and lasted for 15 min (Figure 1 ). The subject was not informed when the exposure began. Therefore, the only exposure cue was perceived odor. During the 1 5-min exposure period, the subject sat quietly and counted the bars on the monitor. Immediately after exposure, psychophysiologic measurements were discontinued, and the subject was instructed to remove all the monitoring leads to which he or she was connected. The subject was instructed to complete another symptom questionnaire and then performed 10 trials of POL at level 5. Before leaving the CEF, the subject was asked to guess the exposure condition from four possible choices (no exposure; gasoline with no MTBE, gasoline with low MTBE, gasoline with high MTBE), removed the Tyvek suit, and was escorted to the clinical center. The subject completed a postexposure symptom questionnaire, performed 10 trials of POL at level 5, and filled in another symptom questionnaire just before leaving for the day. Each visit lasted approximately 3 hr.
Hypotheses and Statistical Analysis
Symptoms, neurobehavioral performance, and psychophysiologic variables were analyzed as separate variable groups. Because data for each of these variables sets were frequently not normally distributed, permutation tests were used to assess group differences. For Environmental Health Perspectives * VOLUME 108 A series of permutation tests to compare changes in the symptoms, neurobehavioral performance, and psychophysiologic variables were conducted between the exposure conditions clean air versus gasoline with 15% MTBE; gasoline versus gasoline with 15% MTBE; and gasoline with 1 1% MTBE versus gasoline with 15% MTBE. The questions addressed with these comparisons were; Does gasoline with 15% MTBE produce any significant effect when the maximum possible difference in exposures is compared, (i.e., relative to clean air)? and Is MTBE at 15% in gasoline producing a significant effect beyond that seen with exposure to gasoline or gasoline with 11% MTBE? In addition, the remaining exposure comparisons were conducted, (i.e., clean air versus gasoline, clean air versus gasoline with 110% MTBE; gasoline versus gasoline with 1 1% MTBE). Finally, to assess differences in the distribution in guessing accuracy for the SRSs and controls, we used the CochranMantel-Haenszel (CMH) Type II statistic.
Results
Blood levels ofMTBE and TBA. The results obtained for MTBE blood levels for all subjects for the four sets of exposure conditions are shown in Table 2 . For both groups, the preexposure MTBE levels in blood averaged < 0.5 ng/mL. For all subjects (control and SRS), paired t-tests were used to contrast difference scores (post-minus preexposure blood levels) of MTBE in blood between all possible pairs of exposure conditions. As shown in Table 3 , the gasoline with 15% MTBE and gasoline with 1 1% MTBE exposure conditions produced significantly greater MTBE blood levels than clean air and gasoline alone. Although TBA was also significantly higher for gasoline with 15% MTBE and gasoline with 1 1% MTBE exposures relative to clean air and gasoline exposures, no significant difference in TBA was shown between gasoline with 1 1% MTBE and gasoline with 15% MTBE. When difference scores for MTBE and TBA levels were compared between SRSs and controls for both the gasoline with 15% MTBE and gasoline with 11% MTBE exposure conditions, no significant differences were observed. Thus, SRSs and controls were not different in their uptake or metabolism of MTBE in blood during the period covered by the experiment (Table 3) .
Symptom questionnaire. Initially, total symptom scores at baseline in each exposure condition were compared between SRSs and controls (Table 4 ). Figure 2 reveals that SRSs reported significantly more total symptoms than controls during every exposure condition. Thus, SRSs were more symptomatic than controls regardless of exposure. The primary question of the present study, however, was to determine whether the SRSs responded differently from controls when exposed to gasoline, gasoline with 110% MTBE, or gasoline with 15% MTBE. Therefore, total symptom difference scores (postexposure minus baseline) for each exposure condition were compared to every other exposure condition by subtracting the difference score from one exposure condition from the difference score of the comparison exposure condition (Tables 5 and 6 ).
SRSs reported significantly more total symptoms than controls when both the clean air and the gasoline with 110% MTBE condition were contrasted to gasoline with 15% MTBE (p < 0.02 for both contrasts); although nonsignificant, SRSs tended to report more total symptoms than controls in the gasoline with 15% MTBE exposure relative to the gasoline exposure condition (p < 0.08). Total symptom scores were not significantly different between SRSs and controls when air versus gasoline, air versus gasoline with 1 1% MTBE, and gasoline versus gasoline with 11% MTBE exposures were contrasted (Table 6) .
For those total symptom contrasts that were significantly different, secondary permutation analyses were used to contrast symptom subscales. Tables 7 and 8 show all subscale contrasts. For both the clean air versus gasoline with 15% MTBE and gasoline with 1 1% MTBE versus gasoline with 15% MTBE contrasts, the MTBE, anxiety, and solvent subscales (as defined in Table 1 ) were significantly higher for SRSs than for controls, but the remainder of symptom subscales were not significantly different between the two groups. Moreover, the environmental quality score for air versus gasoline with 15% MTBE was significantly higher for SRSs than for controls. However, when the Bonferroni correction for multiple comparisons was made (0.05/6; p < 0.008), the only subscale contrast that remained significant was that for the MTBE subscale in the gasoline with 11% MTBE versus gasoline with 15% MTBE contrast.
Neurobehavioral measures. For SRSs relative to controls, no significant differences were noted for any of the above contrasts using the composite score of the POL (Tables 9 and 10 ). MTBE for either group and suggests random fluctuation between exposure conditions and subject groups. In conclusion, SRSs did not show significant psychophysiologic changes in response to the odor of the exposure conditions or in response to biologically detectable levels of MTBE in blood. ExYposure guessing. To assess the effect of subjects' awareness of the exposure conditions, accuracy of subjects' guessing was analyzed. Initially, a kappa statistic was computed to assess overall accuracy [K = 0.16; 95% confidence interval (CI), 0.049 -0.294]. This revealed that subjects were significantly better than chance at guessing the exposure condition. However, examination of performance revealed that subjects' accuracy was only slightly better than chance (chance guessing = 31/124 guesses; 46/124 correct guesses made). To explore whether guessing accuracy was primarily due to the ability to distinguish clean air from the gasoline and MTBE exposure conditions, the kappa statistic calculation was repeated without the clean air condition guess and was not significant (K = -0.01; 95% CI, -0.15-0.12). Therefore, it appears that the ability to distinguish between clean air and any other exposure condition was responsible for most of the correct guessing observed. In fact, kappa was significant when guesses made during clean air were compared to guesses for all other exposure conditions (K = 0.58; 95% CI, 0.40-0.75). That is, the accuracy rate for clean air was 106 out of 124 guesses. This finding suggests that while subjects generally knew when they were being exposed to chemical mixtures rather than to clean air, they were unable to distinguish gasoline exposure from gasoline with MTBE at 11% (gasoline with low MTBE) or 15% (gasoline with high MTBE).
In addition to computation of the overall guessing accuracy, the possibility that SRSs and controls differed in guessing accuracy was tested. To conduct this test, the number of correct guesses was computed for each subject. The CMH type II statistic revealed no differences in guessing accuracy between the SRSs and controls (mean SRS = 1.66; mean control = 1.37; p < 0.30). Therefore, SRSs were no more accurate than controls in correctly identifying the exposure condition. Overall, 79% (19/24 guesses) of SRSs reported exposure to gasoline with MTBE when they were, in fact, exposed to gasoline with either 11% or 15% MTBE. However, their accuracy in discerning whether they were exposed to 11% or 15% MTBE in gasoline was lowest for gasoline with 15% MTBE (42% accuracy for 1 1% MTBE; 25% accuracy for 15% MTBE). Similar accuracy rates were seen for controls, with a 71% (27/38 guesses) overall accuracy rate for determining that MTBE was present in gasoline. Again, controls were more accurate in guessing that MTBE was present at 11% than at 15% (53% accuracy for 11% MTBE; 21% accuracy for 15% MTBE). Furthermore, 75% (9/12 guesses) of the SRSs and 79% (15/19 guesses) of controls thought they were being exposed to gasoline with MTBE at 11% or 15 % when they were actually exposed to gasoline alone. Table 11 gives all percentages for guessing accuracy.
Odor ratings. To analyze the odor ratings completed within each exposure condition, mixed model analyses of variance were used with group (SRS versus control) as a between-subjects factor and exposure (clean air, gasoline, gasoline with 11% MTBE, gasoline with 15% MTBE) and time (min 5, 10, 15, and 20) as the within-subjects factors. Separate analyses were conducted for each of Analysis" for calculations. Analysis" for calculations. of intensity and pleasantness between time 1 (ratings before exposure) and the remainder of the ratings during the gasoline, gasoline with 11% MTBE, and gasoline with 15% MTBE were largely responsible for the significant exposure x time interaction for both groups. Although the interaction (group x exposure x time) was nonsignificant, the SRSs showed a steady increase in irritation over time for the gasoline with 15% MTBE condition, which was not as evident for the gasoline or gasoline with 11% MTBE exposure conditions or for the controls. The same was not true for intensity ratings, which appeared to increase when exposure began and remained at approximately the same level for the remainder of the exposure period for both groups. Although the exposure x time x group interaction was not significant for pleasantness (p < 0.06), pleasantness changed less over time in all exposure conditions for controls relative to SRSs.
Discussion
Exposure to gasoline with 15% MTBE resulted in significantly more symptoms among SRSs relative to controls than did exposure to clean air or to gasoline with 11% MTBE. In addition, SRSs reported significantly more symptoms than controls during the baseline period preceding all exposure conditions, suggesting heightened sensitivity, regardless of exposure, among this group. It is interesting to note that TBA levels were somewhat higher for the SRSs than for controls before exposure to gasoline with 11% MTBE and gasoline with 15% MTBE (Table 3) but not before exposure to gasoline or to clean air (not shown). This suggests that before at least two of the exposure conditions, SRSs were exposed at some time during the previous week to MTBE. However, the differences in TBA between SRSs and controls were not significant and were not significantly associated with baseline symptom scores. Therefore, the preexposure difference in TBA probably does not account for baseline differences in symptoms. Although SRSs also reported more symptoms than controls when exposed to gasoline with 15% MTBE relative to gasoline alone, this difference was not statistically significant. Moreover, no significant differences were observed when symptoms in response to gasoline with 1 1% MTBE were compared to clean air or to gasoline alone. The periodic ratings of odor intensity, irritation, and pleasantness during each exposure also did not suggest that the response of either the SRSs or controls to the odors changed differentially (i.e., exposure x time x group interaction). Although the magnitude of the SRS response to the odors of all exposure conditions, including clean air, was greater than the controls, the response pattern over time was not different between the groups. Both groups rated the odor of exposure to the gasoline with or without MTBE as increasingly more intense and less pleasant over time with the greatest increases occurring between time 1 (5 min), before exposure and the onset of exposure to gasoline with or without MTBE. This change in ratings over time, however, did not occur for the dean air condition. Although not significant, the pattern of rating for pleasantness suggested that relative to the controls, the SRSs rated the odor as increasingly unpleasant over the time they were exposed to all gasoline mixtures. The changing pattern of ratings over time and between exposure conditions was not significant for ratings of irritation. Odor ratings during exposure, however, do not support a significant, differential odor response to gasoline, gasoline with 11% MTBE, or gasoline with 15% MTBE for either group. Thus, symptom results do not appear to be mediated by a negative or specific hedonic response to MTBE at 15% in gasoline.
The current results reveal that the SRSs chosen were indeed "sensitive" as illustrated by greater baseline symptom scores and odor ratings of irritation and intensity than controls during every experimental condition. It is noteworthy that, in contrast to the present findings, no previous controlled exposure study has documented significantly increased symptoms in response to MTBE exposure (7) (8) (9) . However, this is the first study to test directly the responses of individuals not only self-reported as sensitive to MTBE but also apparently more generally sensitive as indicated by increased symptoms regardless of exposure. Other investigators have recommended this approach, as in the case of sick building syndrome, yet it is seldom undertaken (29) . Previous studies, in which sick building syndrome (SBS) subjects were exposed to mixtures of volatile organic compounds known to pollute indoor air, also found significantly increased symptom reports among the SBS subjects relative to controls (30, 31) . Thus, direct testing of subgroups reporting unexpected symptoms in response to low-level exposures may be necessary to understand reported health effects. The present study, however, also highlights problems with the feasibility of studies with sensitive subgroups given the constraints required for controlled exposures, the relatively small number of affected individuals in the population, and the understandable reticence of affected individuals to undergo exposure to the chemical of concern.
The second factor that differentiated this study from previous controlled exposure studies with MTBE was that exposure conditions were designed to approximate what is experienced in daily life. Therefore, subjects were exposed to MTBE in gasoline at concentrations comparable to those encountered at a gasoline station (16) . All previous studies involved exposure to pure MTBE. As suggested by Nihlen et al. (;), it may be that when MTBE is mixed with gasoline, a different effect occurs from that seen with pure MTBE.
The intent of the present research approach was to test directly both the exposure conditions and the individuals presumed to be at highest risk (i.e., SRSs). While ecologically valid, this approach placed significant restrictions on subject recruitment and therefore, on generalizability of results. The number of SRS subjects who were healthy and also willing to participate in an exposure study was small relative to the numbers cited by community groups as adversely affected by MTBE. Therefore, the present results cannot be generalized to the entire population of SRS individuals nor to those who are SRSs with other health conditions. Those most sensitive to MTBE may have been least likely to volunteer for an exposure study. This self-selection bias could partially explain the present findings. Furthermore, the relatively small sample size may have reduced the power of the study. For example, the SRSs reported more symptoms at 15% MTBE versus clean air and 11% MTBE, but the contrast with gasoline failed to reach statistical significance. This variability in results may be due to the small sample size, but increasing sample size may or may not increase the ability to detect significant effects for any of the variables measured.
Although a dose-response effect was not observed, the results suggested that increased symptoms were associated with a threshold. This possibility is plausible because complaints in New Jersey occurred primarily during oxygenated fuel season when MTBE was present at 15%, but not during the reformulated gas season when 11 % MTBE was present in gasoline. Unfortunately, quantitative values for each participant's exposure to MTBE before the study were not available. Although baseline TBA levels and questionnaires on vehicle use suggest that some SRSs may have had more exposure to MTBE prior to their participation in the study, the effect on the threshold observed cannot be assessed from the data.
Time constrained the use of additional neurobehavioral tests or other objective markers (e.g., tear film) that may have been more sensitive to the effects of exposure. For example, the SRSs reported more symptoms when exposed to MTBE at 15% in gasoline, yet neurobehavioral performance, as measured, was not compromised as a result of the exposure. Thus, any impact of these symptoms on daily behavioral functions connected to driving was not shown. With different test batteries, previous controlled exposure studies also reported no significant neurobehavioral performance decrements (8) , lending validity to the negative neurobehavioral results found here. Finally, it is also possible that use of longer exposure durations or exposure conditions that reflect ongoing exposure while driving may have shown greater effects on performance. For example, anecdotal reports indicate that SRS subjects reported symptom exacerbation while driving in traffic where exhaust emissions are prevalent. The latter could not have been completed in a CEF study because of the high levels of carbon monoxide in the exhaust and the complex composition of exhaust in the atmosphere, (e.g., fresh versus aged exhaust that includes particles and gases).
Conclusions
Compared to controls, individuals who reported they were sensitive to MTBE reported more symptoms at baseline independent of exposure condition, suggesting a generic, nonspecific sensitivity. Moreover, these SRSs reported more symptoms than controls in response to gasoline with 15% MTBE than to clean air or to gasoline with 1 1% MTBE. This differential response to gasoline with 15% MTBE was not explained by specific knowledge of exposure or reactions to the odor of exposure. Despite increased symptoms in response to gasoline with 15% MTBE, SRSs did not show any concomitant decrements in simulated driving performance tests, and did not manifest any significant psychophysiologic responses with exposure. Furthermore, the present study did not support a dose response to MTBE exposure nor the specific symptoms associated with MTBE that were suggested in previous epidemiologic studies.
